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Abstract
As part of the United States Department of Energy (DOE) National Energy Technology Laboratory (NETL) sponsored 
project, The Quantification of Wellbore Leakage Risk Using Non-destructive Borehole Logging Techniques, the construction and 
integrity of a 68 year old well was studied.  This study builds upon previous work examining the integrity of existing wells 
through shale formations.   The objective of this study was to measure well integrity through potential caprocks and aid in 
understanding the potential leakage risk posed by old wells that intersect CO2 injection projects. 
The well was originally completed as a production well in the Gulf Coast region in 1945 and then plugged and abandoned in 
1969.  The well was re-entered and re-completed as an observation well for a CO2 injection project in 2008.  It was replugged 
and abandoned after completing its observation role in 2013. For this study the well was logged using cement bond log and 
ultrasonic mapping tools, tested and sampled using a dynamic tester, and cored using a sidewall coring tool. The age of this well 
makes it the oldest well to be studied in this manner and this is the first well to be studied this way in the region.  
The results of the study indicate that much of the material behind the casing is unconsolidated cement.   Logging results in 
many places in the well show poor isolation potential and indicate a microannulus.  The logs also indicate removal of material 
during hydraulic testing which was confirmed by laboratory analysis.  Of the six cores collected, four consisted of
unconsolidated, soft, cement or rock, one consisted of heavily altered cement, and one consisted of slightly altered cement. The 
results of study are an interesting contrast to earlier field studies because they show an old well that lacked integrity at most of 
the test and sample points.  However, the logging and a core sample in the squeezed zone indicate that there was zonal isolation 
between the injection and monitoring zones. The logging and mapping data along with the analysis of the “core” material 
collected provide insight into the potential leakage pathways within the well.
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1. Introduction
The condition of the cement Ella G Lees #7 (EGL#7) well in Cranfield field was studied to aid in establishing 
leakage risks posed by wells penetrating CCS and CO2 enhanced oil recovery (EOR) projects.  This well is the 
oldest well studied to date that has been exposed to CO2, although the length of exposure is shorter than other newer 
wells.   Wells exposed to CO2 have been studied at SACROC field1, Weyburn field2, and in Colorado3.   Each of 
these studies recognized that well cements interact with CO2 from the production or injection reservoir and none of 
the cements measured had carbonated to the point where both calcium silicate hydrate (C-S-H) and portlandite 
(Ca(OH)2) had been completely reacted.  The SACROC cement was collected at the surface and was the result of a 
side-track cut in the well.  The SACROC well was constructed in 1950 and first exposed to CO2 in 1975.  The 
Colorado and Weyburn studies were similar to this study in that they had logging, testing, and sampling.  These 
wells were 30 (Colorado) and 54 (Weyburn) years old at the time of their respective studies.  A similar study was 
also conducted by Duguid et al.4, examining the condition of existing wells that have not been exposed to CO2.
The objective of this study was to investigate the condition of an old well that was re-entered and repurposed for 
monitoring at a CO2 EOR project. To meet this objective, logging, testing, and sampling were conducted.  The 
logging utilized the Isolation Scanner* cement evaluation service and SCMT* slim cement mapping tool to collect 
casing and cement image logs.   The cased-hole modular formation dynamics tester CHDT was used to conduct 
hydraulic isolation tests behind the casing.   The MSCT* mechanical sidewall coring tool, was used to collect core 
samples through the casing.   The logs and tests were analyzed to provide information on the location and quality of 
the cement in the well.  The cores were analyzed in the lab to provide cement mineral composition and mechanical 
property data.  This paper focuses on the log and core data as they relate to the condition of the well cement.  The 
hydraulic testing will be discussed with respect cement condition but specific analyses will be presented in a later 
paper.
2. Background
EGL#7 is located in Cranfield Field outside of Natchez, Mississippi (Figure 1).  The field was discovered in 1943 
and produced into the 1960’s. The initial production in the field was from the Wilcox formation at about 1767.84 m 
(5800 ft).  Production in the Basal Tuscaloosa Sand began in 19445.  EGL#7 spudded on July 8, 1945 and was 
completed September 7, 1945.   The 406.4-mm (16-inch) surface casing was set at 67.66 m (222 ft) and cemented 
with 400 sacks of cement.  The 273.1-mm (10 ¾-inch) intermediate casing was set at 556.26 m (1,825 ft) and
cemented with 1,000 sacks of cement.  The 177.8-mm (7-inch) long-string casing was set at 3,140.96 m (10,305 ft)
and cemented with 750 sacks of cement.  The long-string was perforated between 3,123.90 and 3,134.87 m (10,249 
and 10,285 ft).  The well served as a production well and was plugged and abandoned (P&A) in 1969.   In 2008 
EGL#7 was reentered and worked over to act as an observation well for the Southeast Carbon Sequestration 
Partnership (SECARB) Phase II project that occurred concurrently with CO2 EOR operations at the field.   As part 
of the work-over the well was perforated and squeezed at 1,007.67, 1,053.69, 3,059.58-3,060.19, 3,077.26-3,077.87
m (3,306, 3,457, 10,038-10,040 and 10,096-10,098 ft).   The well was recompleted to measure pressure in the 
injection zone and measure pressure in a zone above the reservoir seal using the original production perforations and 
a second set of perforations between 3,004.11 and 3,007.16 m (9,856 ft and 9,866 ft).   A diagram of the well is 
presented in Figure 1 and information about the above zone monitoring can be found in Tao et al.6 In the week 
prior to data collection for this study the tubing and packers were removed, a plug was set around 3,078.48 m 
(10,100 ft), and the monitoring perforations were squeezed with cement. 
The well had a long history prior to this study; existing data were used as a baseline for comparison as new data 
were collected.  Existing data included the original resistivity and spontaneous potential (SP) log collected by
Schlumberger in 1945 and USI* ultrasonic imager and SCMT logs also collected by Schlumberger prior to the 
cement squeezes in 2008.  The SP log was used to help determine the formation tops used to aid in choosing testing 
and coring locations.   After re-entering the well in 2008 the USI and SCMT were run to aid in determining the 
isolation capacity of the cement behind the casing and the condition of the casing.  In general the 2008 SCMT log 
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shows very poor bond between the cement and casing.   This log was used as a baseline for comparison to the 2013 
logs collected as part of this study. The USI log also shows generally poor cement from 3,142.20 (10,250) to around 
2,289.05 m (7,510 ft) with a few sections of better cement between 2,630.42 and 2,606.04 m (8,630 and 8,550 ft).   
The cement between 2,289.05 and 2,072.64 m (7,510 to 6,800 ft) looked competent and was selected for both 
hydraulic testing and coring. The cement above 2,072.64 m (6,800 ft) seems to extend as high as 304.80 m (1,000
ft).  Between 548.64 m (1,800 ft) and 304.80 m (1,000 ft) this cement is mostly just on one side of the casing and in 
places galaxy patterns typical of eccentered pipe are evident. Below 548.64 to 2,072.64 m (1,800 to 6,800 ft) the 
cement is generally poor with evidence of eccentering. The results of the 2008 logs showing material behind the 
casing in the USI logs in conjunction with poor cement bond in the SCMT log imply the existence of a micro 
annulus.   
Figure 1 EGL 7 Well location (Left) and casing schematic (Right).
The original cementing data were obtained from the scout cards available from the Mississippi Department of 
Environmental Quality.   The cards indicate that 750 sacks of cement were used in the primary cementing of the 
production string.   No information was available on the cement density, yield, or additives used. The top of cement
(TOC), calculated or measured, was also not provided.   Although the logs show cement as high as 304.8 m (1,000
ft) a top of cement was still estimated to see where the cement would have gone had it been uniformly distributed in 
the well.  To make the estimate a number of assumptions were necessary.  The assumptions include the type of 
cement, the diameter of the drill bit, additional diameter of the hole.   Two cement types were used to help create a 
range for the TOC.  The yield per sack of cement with a W/C of 0.46 similar to Class A oilwell cement or ASTM 
150C construction cement and a cement with a W/C equal to 0.38 similar to Class D or G oilwell cement were used.   
The bit size was assumed to be 250.8 mm (9.875 in) and an extra 25.4 mm (inch) of diameter was assumed as a 
possibility.  The TOC estimates ranged from 2,121.41 to 2,505.46 m (6,960 to 8,220 ft) (Table 1).  The composition 
of the cements used to squeeze the well in 2008 and 2013 are not clear at this time. 
Table 1 TOC estimates and assumed parameters
Cement Type Number of Sacks
cement yield 
(m3/sk)
Cement 
Volume (m3)
Bit Size 
(mm)
Additional 
Diameter (mm)
Hole Diameter 
(mm)
Estimated TOC 
(m (ft))
Class A (W/C = 0.46) 750 0.033 25.06 250.82 25.4 276.22 2,426.82 (7,962)
Class A (W/C = 0.46) 750 0.033 25.06 250.82 0 250.82 2,121.41 (6,960)
Class D or G (W/C = 0.38) 750 0.030 22.30 250.82 25.4 276.22 2,505.46 (8,220)
Class D or G (W/C = 0.38) 750 0.030 22.30 250.82 0 250.82 2,233.57 (7,328)
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3. Methods
The methods used to investigate the condition of this well were similar to the methods employed by Duguid et al 
earlier wells4. The tools were selected run in order of least destructive (SCMT) to most destructive (MSCT) with an 
Isolation Scanner run at the end to identify the core holes left in the casing.  The SCMT was run twice.  The Runs 
were between 3,062.94 and 1,158.24 m (10,049 and 3,800 ft) with no pressure on the well and between 2,438.40 and 
1,828.80 m (8,000 and 6,000 ft), the hydraulic testing interval, with 7.58 MPa (1,100 psi) on the well. The addition 
of pressure expands the casing and tends to improve the results of a log run in a well with a microannulus7.
A lower bound of the size of the microannulus was be estimated using responses of the two 2013 SCMT logging 
runs and the material properties of the casing. The casing expansion due to 7.58 MPa (1,100 psi) increase in pressure 
was estimated using the equation for the circumferential hoop-stress in a thick walled cylinder (Equation 1) to 
estimate circumferential stress, Vc, which was then multiplied by Young’s Modulus, E, (Hooke’s law, Equation 2) to 
calculate the circumferential strain, the strain was then used to calculate the expanded circumference. The expanded 
radius was backed out of the equation of a circle and the original radius was subtracted to provide the size of the 
annulus behind the casing in the logged interval. To make the estimate one must assume that the well acts as a thick-
walled cylinder or tube and ignore the joints in the casing (Figure 2).  
ߪ௖ = ௣೔௥೔
మି௣೚௥೚మ
௥೚మି௥೔
మ െ
௥೔
మ௥೚మ(௣೚ି௣೔)
௥మ൫௥೚మି௥೔
మ൯
  (1)
Where:
Vc = Circumferential stress 
pi = Pressure in the well 
po = Pressure outside the well 
ri = Internal radius of the casing 
ro = Outer radius of the casing
r = Radius of interest in the casing
ߝ = ఙ
ா
   (2)
Where:
H= Strain 
V = Stress
E = Young’s Modulus
Figure 2 Schematic of casing showing stresses in 3D. In the figure Va is the axial stress, Vc is the circumferential stress, and Vr is 
the radial stress.
The CHDT was used to conduct hydraulic testing at 2,285.39 and 2,298.19 m (7,498 and 7540 ft). During the 
CHDT testing at 2,285.39 m (7,498 ft), the second test, the tool became clogged.   When the tool was brought to the 
surface a grey powdery material was collected from inside the pump and on the outside of the tool near the sample 
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bottles and sent to Los Alamos National Laboratory (LANL) for X-ray diffraction (XRD) analysis.
The MSCT tool was used to collect samples at 2,135.43, 2,263.14, 2,282.95, 3,000.45, 3,011.27, 3,011.42, 
3,012.64, and 3,026.51 m (7,006, 7,425, 7,490, 9,848, 9,879.5, 9,880, 9,884, and 9,929.5 ft).  The tool is a standard 
open-hole sidewall coring tool fitted a special bit to cut through the casing, cement, and formation.  The cores were 
collected and sent or brought LANL, TerraTek* rock mechanics and core analysis service, and Ohio State Center for 
Microscopic Analysis (CEMAS).   The Samples collected at 2,135.43, 2,263.14, 2,282.95, 3,000.45, 3,011.27, and 
3,026.51 m (7,006, 7,425, 7,490, 9,848, 9,880, and 9,929.5 ft) were sent to LANL and analyzed on a Siemens D500 
Diffractometer using copper K-alpha radiation.  Peaks were identified using Jade software from Materials Data 
Incorporated. Because the cores were generally collected along with the NaCl wellbore brine they were analyzed as 
received and then washed and analyzed to remove the abundance of NaCl in the samples.
Part of the sample collected at 3,011.27 m (9,879.5 ft) and all of the sample collected at 3,012.64 m (9,884 ft)
were sent to TerraTek for mechanical property, flow property, and XRD analysis.   Mechanical analyses were 
conducted at formation pressure (30.34 MPa (4,400 psi)) and temperature (123°C). Liquid permeability testing was 
conducted with a 2% KCl brine at the same pressure but at 116°C (the permeameter was not capable of reaching 
123°C).
TerraTek performed semi-quantitative XRD analysis of bulk samples on representative splits both core samples. 
The splits were ground using a McCrone micronizing mill and back-loaded into aluminum sample holders.  The 
powdered samples were analyzed with a Rigaku Ultima III X-ray diffractometer from 2 to 66 degrees two-theta (2T)
using Cu K-alpha radiation.  The raw data was interpreted using JADE software. XRD and environmental scanning 
electron microscopy (ESEM) with energy dispersive spectroscopy (EDS) mapping was also conducted at CEMAS 
on the portion of the sample that comprised the cement at the cement-casing interface of the 3,011.27-m (9,879.5-ft)
sample.   The XRD was conducted on a piece of the intact sample using a Rigaku Miniflex 600 X-ray diffractometer 
from 20 to 80 degrees two-theta (2T) using Cu K-alpha radiation.  The raw data were interpreted using PDXL 
software. ESEM analysis and EDS measurements were conducted on portions of the 3,011.27-m (9,879.5-ft)
cement-casing interface cement using an FEI/Philips XL-30 Field Emission ESEM.  Both ESEM imaging and EDS 
mapping were performed on the surface of the sample and deeper within the sample to allow comparison of mineral 
phases.
The last tool run in EGL#7 was the Isolation Scanner. The Isolation Scanner is a non-destructive well imaging 
tool that examines the casing and well cement as well as the interfaces between the casing and cement and cement 
and formation.  The Isolation Scanner combines pulse-echo technology with flexural wave imaging to accurately 
evaluate different types of cement8. The tool was run to identify the specific points radially in the well where core 
samples were collected.  It also allowed for comparison of the condition of the cement in 2013 to the condition of 
the cement in 2008.
4. Results
The SCMT was run at ambient pressure and with an additional 7.58 MPa (1,100 psi) on the well.  The ambient 
pressure run had a consistently poor cement bond log (CBL) from 3062.94 m (10,049 ft), the bottom of the log, to
2,289.05 m (7,510 ft) indicating poor cement to casing bond. The longest stretches of good cement bond were 
between 3,012.64 and 3,009.60, 3,008.68 and 3,002.89, (Figure 3), and 2,885.54 and 2,882.80 m (9884 to 9874, 
9,871 to 9,852, and 9,467 to 9,458 ft).   The variable density log (VDL) shows formation returns between 3,062.94
and 2,865.12 m (10,049 and 9400 ft) and between 2,042.16 and 1,158.24 m (6,700 and 3,800 ft) indicating enough 
cement-formation-bond to allow a formation response. Between 2,865.12 and 2,042.16 m (9,400 and 6,700 ft) the 
VDL is poor with infrequent formation returns. The map track shows good cement coverage interspersed with layers 
of poor cement coverage from 3,062.94 to 2,834.64 m (10,049 to 9,300 ft) with the best cement coverage between 
3,012.64 and 3,002.89 m (9,884 and 9,852 ft), corresponding to the longest stretch of good bond in the CBL track.   
Above 2,834.64 m (9300 ft) the image track shows the cement is generally on one side of the casing. 
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Figure 3 Section of the SCMT log collected under ambient pressure showing the longest stretch of “good bond” in the BI>70% track.
The SCMT log collected with 7.58 MPa (1,100 psi) additional pressure on the well between 2,438.40 and 
1,828.80 m (8,000 and 6,000 ft) showed little to no change in the CBL, VDL, and Image tracks.   Indicating the size 
of any annulus in this zone was larger than the casing expansion caused by the additional pressure. 
Although the addition of pressure did not improve the log response (Figure 4), the response was used to estimate 
a lower bound for the size of the annulus in the zone that was logged under pressure using Equations 1 and 2.   
Solving Equation 1 with pi =31.37 MPa (4,550 psi) and po = 23.79 MPa (3,450 psi) based on CHDT measurements
borehole pressure and the pressure added to the well at the surface, ri = 92.20 mm (3.363 in), ro = 88.90 mm (3.500
in) based on 177.8-mm 43.16 kg/m (7-inch 29 pound/foot) casing, and setting r equal ro, one calculates a stress on 
the outer circumference of the casing to be 158.67 MPa (23,013 psi).  Plugging the circumferential stress into 
Hooke’s law (Equation 2) with Young’s Modulus for steel of 200,000 MPa (29,000,000 psi) we calculate a strain of 
0.0201 mm/mm (0.00079 in/in) which leads to a change in radius of 70.55 Pm (0.00278 in); the aperture of the 
microannulus.
The coring runs at 2,135.43, 2,282.95, 3,000.45, 3,011.42, and 3,026.51 m (7,006, 7,490, 9,844, 9,880, and 
9,929.5 ft) provided either unconsolidated material or no material at all from behind the casing (Figure 5).  The 
samples were analyzed by LANL and yielded results that showed both unconsolidated cement and rock were 
collected (Table 2).  The results also show that cement and rock were collected from the CHDT after testing.   The 
cements were identified by the existence of brownmillerite, calcite, and sometimes katoite.  Rock was generally 
identified by illite, chlorite, and or albite. The sample collected at 3,026.51 m (9,929.5 ft) contained portlandite and 
halite.  
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Figure 4 SCMT logs showing little change between the log run at ambient pressure and the log run with an additional 7.58 MPa (1,100 psi).  It is 
important to note that the image tack for the ambient pressure log (left) is shifted approximately 180-degrees from the image track of the 7.58
MPa (1,100 psi) log (right).
Table 2 XRD results on the MSCT and CHDT samples sent to LANL
Sample ID Depth (m) As received Washed Type
EGL7 7006-2 2,135.43 Halite, calcite Calcite, brownmillerite, quartz Cement
EGL7 7006-3 2,135.43 Quartz, calcite, halite, illite, chlorite, albite Rock
EGL7 7490-1 2,282.65 Quartz, calcite, halite, illite, chlorite, albite Quartz, calcite, illite Rock
EGL7 7490-3 2,282.65 Halite Calcite, brownmillerite, quartz, 
katoite
Cement
EGL7 9844-2 3,000.45 Halite, quartz Calcite, brownmillerite, katoite, 
quartz
Cement
EGL7 9844-3 3,000.45 Quartz, halite, albite, illite, chlorite Rock
EGL7 9884-2 3,012.64 Halite Calcite, brownmillerite, katoite Cement
EGL7 9884-4 3,012.64 Quartz, halite, calcite, albite, illite, chlorite Chlorite, illite, albite, quartz, 
calcite
Rock
EGL7 9929.5 3,026.51 Portlandite, halite Cement/drilling mud
Exterior of the CHDT - Halite, calcite Calcite, brownmillerite, katoite Cement
Inside the CHDT pump - Halite, quartz, illite Quartz, calcite, illite, chlorite Rock
The core runs at 3,011.27 and 3,012.64 m (9,879.5 and 9,884 ft) yielded solid cores (Figure 6). Figures 5 and 6
show the samples as they were collected on the left-hand portion of the figure and the progress of the coring tool as 
it cut into the well is shown on the right-hand portion of  the figure.  The coring progress shows that much of the 
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material behind the casing was either very soft or missing.  The core runs at 2,135.43, 2,263.14, 2,282.95, and 
3,012.64 m (7,006, 7,425, and 7,490, and 9,884 ft) were very soft and fast to cut once the casing was fully 
penetrated.  The core run at 3026.51m (9929.5ft) shows a stepped penetration into the material behind the casing 
indicating an initially very soft material adjacent to a harder-to-cut material.  The cores cut at 3,000.45 and 3,011.27
m (9,844 and 9,879.5 ft) showed harder-to-cut materials behind the casing.
Figure 5 Core photos and logging data for soft samples.  The red dashed line indicates the depth where the core bit completely penetrated the 
casing.
Portions of the sample collected at 3,011.27 m (9,879.5 ft) and all of the sample collected at 3,012.64 m (9,884 ft)
were brought to TerraTek for analysis.  The analysis of the mechanical and ultrasonic velocity properties is 
presented in Table 3.    The flow property data are presented in Table 4. The relative crystalline mineral composition 
based on the bulk sample XRD is presented in Table 5.  The mineral compositions show calcium silicate hydrate (C-
S-H) in both samples indicating they each contain portland cement.  They also both contain calcium carbonate, 
portlandite, dicalcium silicate, katoite, pyrope, and quartz. 
3,011.42 m
3,000.45 m 
2,282.95 m
2,263.14 m
Nothing Recovered
2,135.42 m
3,026.51 m
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Figure 6 Core photos and logging data. The red dashed line indicates the depth where the core bit completely penetrated the casing.
Table 3 Mechanical properties of the core samples collected at 3,011.27 and 3,012.64m ( 9,879.5 and 9,884 ft).
Sample Depth
Bulk 
Density @ Peak Bulk Density @ P-Wave 
Velocity
S-Wave 
Velocity
Poisson’s
Young’s 
Modulus
Bulk 
Modulus
Shear 
ModulusAmbient 
Conditions
Hydrostatic 
Stress
Peak 
Hydrostatic 
Stress
Ratio
(m(ft)) (g/cm3) Mpa (g/cm3) (m/s) (m/s) MPa MPa MPa
3,011.27 (9,879.5) 2.171 30 2.214 4,217 2,501 0.23 34,033 20,905 13,852
3,012.64 (9,884) 1.723 30 1.892 2,663 1,609 0.21 11,880 6,881 4,902
Table 4 Core sample permeability.
Sample Test Fluid
Temperature 
(°C)
Confining 
Pressure 
(MPa)
Length 
(mm)
Diameter 
(mm)
Permeability 
(mD)
3,011.27 m 
(9,879.5 ft)
2% 
KCl 116 30 14.78 23.77 0.000186
3,012.64 m 
(9,884 ft)
2% 
KCl 116 30 15.82 21.84 0.0146
Table 5 Bulk mineralogy XRD data collected by TerraTek on the two cores from 3011.27 and 3012.64 m ( 9879.5 and 9884 ft).
SAMPLE 
DEPTH
SiO2 CaCO3 Ca(OH)2 Ca2SiO4 Ca3(SiO4)O Ca3(SiO4)O Ca3Al2(SiO4)3 (Mg0.804Ca0.196)3Al2(SiO4)3 Ca3Al2(SiO4)(OH)8 Ca2(SiO4)6H2O
Quartz Calcite Portlandite Dicalcium silicate Haturite
Tricalcium 
silicate 
oxide
Grossular Pyrope Katoite Calcium Silicate Hydrate
3011.27m 
(9879.5ft) 1 14 16 23 6 7 6 5 5 18
3012.64m 
(9884ft) 1 6 21 6 0 0 0 8 34 25
The portion of the sample that comprised the cement at the cement-casing interface on the 3,011.27-m (9,879.5-
ft) sample was brought to CEMAS for analysis.   The portion that was analyzed is shown on the left-hand side of 
Figure 7.  The sample was cut from the left-hand end of the whole core as pictured in the right-hand side of the 
figure.  The orange outline shows the portion of the core that appeared to be undamaged from the coring process 
where both XRD and ESEM and EDS were performed.  The XRD analysis identified calcite, wuestite, magnetite, 
and quartz as mineral phases on the interface cement.
3,012.64 m
3,011.27 m
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Figure 7 Location of the cement—casing interface analyzed via XRD and ESEM.
ESEM imaging and EDS analysis of the interface cement identified zones with high amounts of iron and oxygen
(points 1 and 3 in Figure 8) and a grain of material with high amounts of Ca, Si, O, and C (Point 2 in Figure 8).
Figure 8 ESEM image and EDS point analyses on a portion of the interface cement from 3,011.27m (9,879.5ft).
EDS Mapping of the same zone shows the distributions of Ca, C, Na, Cl, Fe, Si, O, S, Al, and Mg for the 
interface cement (Figure 9) and cement from deeper in the sample (Figure 10).  The EDAX TEAM EDS software 
interpretation of the maps provides a quantitative analysis of the chemical makeup of the surface in each map.   The 
1
2
3
1 2
3
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relative makeup of the interface and internal cement mapped are presented in Tables 6 and 7.  The intensity of the 
maps and the results of the quantitative analysis indicate that carbon is present in the cement.   The quantitative 
results show that there is more carbon at the interface than in the cement from within the sample. 
Figure 9 EDS maps collected on the interface cement from the 3,011.27-m (9879.5-ft) sample.
Figure 10 EDS maps collected on the interface cement from the 3,011.27-m (9,879.5-ft) sample.  The red dotted line outlines a portlandite crystal 
visible at the top center of the ESEM image with a corresponding bright spot in the Ca map and dark spot on the Si map.
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Na Cl Fe Si
O S Al Mg
C
Na
Ca
Cl
MO
Si
AlS
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Table 6 Elemental analyses of the mapped interface cement from 3,011.27 m (9,879.5 ft).
Element Weight % Atomic % Net Int. Net Int Error %
C K 15.29 30.45 260.8 8.69
O K 24.64 36.85 793.8 9.03
NaK 2.1 2.18 100 9.37
MgK 0.67 0.66 62.6 8.67
AlK 1.57 1.39 198.5 6.7
SiK 4.3 3.66 684.7 5.16
MoL 0.48 0.12 42.6 6.02
S K 1.03 0.77 173.2 3.8
ClK 0.42 0.29 68.4 4.99
CaK 14.45 8.62 1857.2 1.59
FeK 35.04 15.01 2036 1.51
Table 7 Elemental analyses of the non-interface mapped cement from 3,011.27 m (9,879.5 ft).
Element Weight % Atomic % Net Int. Net Int Error %
C K 2.68 5.14 40.9 8.9
O K 42.16 60.7 667.7 9.79
NaK 1.51 1.51 72.8 8.77
MgK 0.74 0.7 68.8 7.55
AlK 0.71 0.61 86.1 6.24
SiK 5.76 4.72 852 4.09
MoL 0.01 0 0.5 58.44
S K 0.88 0.63 128 3.25
ClK 1.41 0.92 197.4 2.59
CaK 42.29 24.3 4205.2 1.34
FeK 1.84 0.76 81.5 3.02
The Isolation Scanner provided additional maps of the CHDT test zones and the MSCT core points.  In general 
the log was similar to the 2008 USI log.   However, in the zone where CHDT tests were performed the log is more 
pessimistic showing less cement behind the casing (Figure 11)   In the zone where the solid cores were collected the 
log shows more cement behind the casing above 3,017.52 m (9,900 ft) and is generally similar below 3017.52 m 
(Figure 12).     
Figure 11 2008 (Left) and 2013 (Right) cement maps over the CHDT test zone.
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Figure 12 2008 (Left) and 2013 (Right) well logs showing changes in cement coverage before and after squeezing and showing the depths where 
intact cores were collected (indicated by the red boxes).
The Isolation Scanner logs show that the cement collected at 3,011.27 m (9,879.5 ft) was collected from within
the dark zone and the 3,012.64-m (9,884-ft) sample was collected from the lighter zone in the cement on either the 
USIT-AI_MICRODEBOND_IMG track or the USIT-AIBK_SC track. The color on these tracks is based on the 
acoustic impedance (density multiplied by ultrasonic velocity) with higher impedance being darker in color.   The 
existence of distinct zones of acoustic impedance indicates distinctly different materials are present in the well
throughout this zone.
5. Discussion
The SCMT log results indicate there is sufficient cement and cement-formation contact at some depths to allow 
formation returns even though across the same zones the CBL indicates there is not sufficient bond to isolate the 
well.  The lack of change between the SCMT logs with and without pressure allow an estimate of a lower bound on 
the size of the annulus between the casing and cement, 70.55-microns (0.00278-inches), assuming that the annulus is 
evenly distributed radially around the well.  From the SCMT image track and from the Isolation Scanner cement 
maps the cement/annulus is not evenly distributed.   The isolation scanner shows discontinuous but likely competent 
cement throughout the well.   This cement is distributed with vertical pathways in many places including the zones 
tested with the CHDT.   The existence of this cement means the estimate of annulus size is a useful tool as a lower 
bound but the actual annulus aperture may be wider and not extend all of the way around the casing.  The zones on 
the SCMT and Isolation Scanner logs, above 2,834.64 m (9,300 ft) that show cement on one side of the well (and 
galaxy patterns on the Isolation Scanner log) indicate that the well is eccentered.   It is possible in eccentered wells 
for the cement to travel up the wide side of the annulus leaving the narrow side as a potential vertical pathway.
It is also important to note that the CHDT testing was conducted between SCMT runs in 2013 and between USI
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and Isolation Scanner runs in 2008 and 2013 and both sets of logs show there is less cement/material in their map 
tracks after the testing (Figure 13 and 11).  During the test at 2,285.39 m (7,498 ft) the tool became plugged with 
fine grey material was collected from the CHDT pump and analyzed by LANL and identified as likely being
formation material (Table 2).   In addition grey material was collected from the outside of the CHDT near the 
sample chambers.  The XRD of this material showed crystalline phases typical of portland cements.  The CHDT 
testing pumped fluid from behind the casing and into the wellbore.  The deposition of cement material onto the tool 
helps to confirm the log results showing that soft cement was removed from behind the casing as a result of CHDT 
testing and that some portions of the cement behind the casing do not have sufficient integrity to impede flow. Many 
of the sidewall core runs also confirm very soft material behind the casing.  The MSCT coring runs collected or cut 
at very soft unconsolidated material at 2,135.43, 2,263.14, 2,282.95, 3,012.64, and 3,026.51 m (7,006, 7,425, 7,490, 
9,884, and 9,929.5 ft).  
Figure 13 Differences in SCMT logs before and after CHDT testing.  The zone showing the greatest difference in the image track is highlighted 
in the red box.
Intact cement cores collected at 3,011.27 and 3,012.64 m (9,879.5 and 9,884 ft) provide additional information 
on the condition of the well and the well’s ability to provide isolation.  The core collected at 3,011.27 m (9,879.5 ft)
was dark grey in color and had very low liquid permeability, 186 nanodarcies.  It also had bulk density and 
mechanical properties indicating a competant cement.  The flow and mechanical  properties of the cement and the 
cement placement based on the SCMT and Isolation Scanner logs imply that this cement is likely providing 
isolation. The cement in this core (3,011.27 m) contained unreacted cement phases (dicalcium silicate and tricalcium 
silicate oxide) indicating that the cement was recently placed.  Unreacted cement can also be seen in the cement 
maps collected on the interface cement and the interior cement of the sample (Figures 9 and 10).  In these figures the 
unreacted cement grains show up as high in aluminum (bright spots on the  aluminum map) and correspondingly 
low in iron (dark Spots in the iron map).  This may be tricalcium aluminate.   Because the well was squeezed in both 
2008 and 2013 without running cement isolation logs in between it cannot be fully determined which squeeze was 
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responsible for the increase in isolation aparent in both the SCMT and USI/Isolation Scanner logs around this depth.   
However due to the proximity of  the core point (3011.27 m) to the above zone monitoring interval (AZMI)
monitoring perforations, 3,004.11 to 3,007.16 m (9,856 to 9,866 ft) and the presence of unreactred cement phases 
the sample is probably from the AZMI perforation squeeze that occurred about a week before the sample was 
collected.  Although the 3,011.27-m (9,879.5-ft) sample was relatively young when it was collected it shows signs 
of reactions with CO2.   Calcium carbonate (calcite) was identified though the bulk sample XRD (Table 5), the 
interface cement XRD, and the cement EDS maps (Figures 9 and 10).   Portlandite (Ca(OH)2) was identified in both 
bulk XRD (Table 5) and the ESEM image and maps of the internal cement (Figure 10).  Portlandite is normally an 
early cement phase to carbonate9,10 and the presence of portlandite indicates the cement collected at 3,011.27 m 
(9,879.5 ft) has not completely carbonated.   The XRD analysis on the interface cement for the 3,011.27 m (9,879.5 
ft) identified iron oxides; magnetite (Fe3O4) and wuestite (FeO).  These phases are due to interaction with the casing 
at the cement-casing interface.  
The core collected at 3,012.64 m (9,884 ft) was very different from the sample collected at 3,011.27 m (9,879.5 
ft).   It was light yellow in color and soft enough that it broke after removal from the core barrel.  Without XRD on 
the bulk sample, identification of this sample as cement would be difficult.  However, XRD detected many typical 
cement phases including calcite, portlandite, dicalcium silicate, tricalcium silicate oxide, grossular, katoite, and a 
cyrstalline form of C-S-H.   The liquid permeability of the cement, 0.0146 millidarcies, is high and the bulk density 
and mechanical properties are poor for portland cement.   This implies that cement in the well with similar 
composition would not provide an effective barrrier to migration along the annulus.  This sample also showed both 
calcite and portlandite indicating that the cement has been exposed to CO2 but not for sufficiennt time or under 
sufficient conditions to completly transform all of the portlandite to calcite.  It seems most likely that the cement 
collected at 3,012.64 m (9,884-ft) was the original primary cement in the well that developed high amounts of 
katoite resulting in low bulk density and high permeability over 68 years.  Milestone et al.11 found that cements with 
high amounts of slag at elevated temperatures may form soft katoite-rich cements that have poor material properties. 
Goni et al.12 showed that katoites also form with the addition of fly ash.  It is possible that the cement in this zone 
had slag or flyash added at the time of placement.   However, katoite can also form without the addition of slag or 
other similar additives13.  Without logs collected after the 2008 squeezes or full information on the primary and 
squeeze cement compositions it is difficult to be positive that the 3,012.64-m (9,884-ft) sample was primary cement.
6. Conclusions
A suite of logging, testing, and sampling tools was used to investigate the condition of the EGL#7 well.  The 
results of the logging showed several short zones of good cement that likely provide isolation and long stretches 
where the cement likely does not provide isolation.   Logging with the SCMT tool at ambient pressure and with an 
additional 7.58 MPa (1,100 psi) showed little change and provided a lower bound estimate to the size of the annulus 
between the casing and cement.  
The results of the SCMT logging showed that the CHDT affected the condition of the cemented annulus by 
removing material demonstrating that the cement in the test zone was soft and not capable impeding flow.   The
condition of the core samples confirmed that there is soft cement behind the casing in other zones as well.  Calcite 
was found with every MSCT cement sample (soft or hard) collected between 2,135.43 and 3,012.64 m (7,006 and 
9,884 ft) which shows the cement has carbonated.  However, the analyses at 3,011.27, 3,012.64, and 3,026.51 m 
(9,879.5, 9,884, and 9,929.5 ft) identified portlandite which indicates that the amount of CO2 along the well is 
sufficiently small or migration sufficiently slow to result in full carbonation of the cement phases.
Not all cement in the well appears poor.  Zones in the SCMT log showing “good bond” corresponding to good 
cement in the Isolation Scanner log should provide isolation.  Based on both the 2013 SCMT and Isolation Scanner 
logs, the squeeze that added cement between 3,014.47 and 3,029.71 m (9,890 and 9,940 ft) likely provided sufficient 
competent cement to further isolate the well from large vertical leaks from below the squeezed zone. Also, the zones 
that show generally good cement in the isolation scanner with cement continuous cement around the casing but a 
poor CBL on the SCMT probably have a micro annulus but it are likely less conductive than the zones where the 
CHDT hydraulic testing removed material. Furthermore, although the results of the logs and analyses show that the 
well is not isolated in the zones tested above the AZMI.  The results of modelling using a temperature gauge at the 
AZMI by Tao et al.6 indicate that EGL#7 has zonal isolation between the injection zone the AZMI.
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